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Summary 
The incidence and maintenance of the fungus/virus complex Olpidium brassicaettobacco 
necrosis virus (TNV) was studied. The infectivity in the soil profile occurred at depths 
down to 60 cm. Infested sandy soil was infective up till 1:40 dilution. The complex in 
peaty pot soil and loam kept under desiccating conditions at 5°C after storage for 3 - 8 
years caused symptoms in tulips planted in boxes in the field. The debris of soil, tunics 
and roots stored under fairly humid conditions at 5°C infested non-polluted soil effectively. 
The infectivity of severely infected lots of tulips was transferred to fields planted in the 
following season. Healthy roots up till 30 cm down in the profile were infected. To some 
extent horizontal spread of infectivity occurred in the soil. The impact over the years of 
the infectivity of soil, cleaning debris of bulbs and migration of highly infected Augusta-
diseased lots under different culture conditions is discussed. 
Introduction 
Tobacco necrosis virus (TNV) as cause of the 'Augusta disease' named by its occurrence 
in cv. Queen Augusta in 1928 (De Bruyn Ouboter and Van Slogteren, 1949) occurs 
worldwide in tulips, e.g., Britain (Mowat, 1970), Denmark (Lange, 1976) and Japan 
(Nahata et al., 1988). In the Netherlands in the late eighties high virus rates were fairly 
frequently observed in cultivars mainly grown in heavy soil types in some regions (Asjes, 
1993). In the 1990 - 1996 period the incidence was only occasional. In this paper data on 
the incidence and maintenance of soil infectivity over the years will be presented. 
Material and methods 
Storage of material. Soil of fields, or from the rinsing of lifted bulbs, debris of soil, tunics 
and roots from the cleaning of bulbs, and soil remains plus tunics and roots from tulips 
forced to flower in boxes in the greenhouse in winter were stored in plastic bags at 5°C to 
preserve fairly humid conditions over the years. 
Trials in boxes. PVC-Iike boxes (37 x 55 cm; 10 cm in height plus 5 cm at two sides) 
with a multi-open frame in the bottom and sides to accomodate equivalent moisture 
regimes with soil in the open field were used. The bottom covered with fairly wide-
meshed nets prevented leakage of soil. The boxes in duplicate planted with 20 bulbs 
(circumference 10-11 cm) of different cultivars (Ang. = Angélique; Ap. = Apeldoorn; 
CM = Christmas Marvel; DQ = Don Quichotte; LM = Leen van de Mark) on top (10 - 12 
cm) of infested soil or other debris was covered with disease-free sand (ca. 10 cm) in the 
field. 
Results 
Infectivity in soil profile 
In primary infestations in cv. Prominence sandy soil of the profile was collected in 1990. 
In 1991 cv. Ang. planted in boxes was infected at rates of 5% (0-10 cm), 40% (10 - 20 
cm), 30% (20 - 30 cm), and 50% (30 - 40 cm). 
Similar samples from loam with cv. DQ caused infection in cv. Ang.: 0-10 cm: 80%, 10 
- 20 cm: 70%, 20 - 30 cm: 80%, 30 - 40 cm: 55%, 40 - 50 cm: 15%, and 50 - 60 cm: 
15%. So the infectivity was detected throughout the profile. 
Soil dilutuion 
The sand and loam diluted with sand and heavy loam, respectively, gave infection of 60% 
in cv. Ang. in sand at 1:2, 1:4, and 1:8, and 55% in cv. DQ with 1:16, and 10% with 
dilutions of 1:20, 1:30, and 1:40. Loam mixtures of 1:4 and 1:8 gave 65% infection in cv. 
Ang.. So the soil was infective at high dilutions. 
Retention of infectivity in dry soil 
In 1988 primarily infested heavy loam planted with cv. Ang. was collected and afterwards 
continuously stored at 5°C without any protection against desiccation. Samples of this gave 
infection rates of 53% in cv. Ang. and 11% in cv. Ap. in 1992, 29% in cv. LM and 70% 
in cv. Ap. in 1994, 0% in cv. Ap. in 1995, 60% in cv. Ap. in 1996. 
In early 1993 remains of peaty pot soil vnth rocrts and tunic debris of primarily infected 
forced tulips cv. CM was collected and stored at 5°C without plastic enclosure. In 1994 in 
box trials the infection rate in cv. Ap. was 50%, and in 1996 in cv. Ap. 85%. A sample 
similarly kept at 20°C gave 10% in 1995. So the infectivity survived several years under 
conditions of desiccation. 
Retention of infectivity in humid soil 
In 1990 sand was collected from primarily infected tulips cv. Ang. and stored at 5°C in 
plastic bags. In 1996 in cv. Ap. 65% infection was observed. Loam collected in 1992 gave 
75% infection in cv. Ap. in 1996. Peaty soil from forcing cv. Monte Carlo in open soil 
under glass collected in early 1992 gave a rate of 50% in cv. Ang. in 1993, and 40% in 
cv. Ap. in 1996. Peaty pot soil from boxes with forced tulips cv. Monte Carlo collected in 
early 1993 gave infection rates of 10% in 1994, 80% in 1995, and 100% in 1996. So the 
infectivity was well maintained for years during the storage at 5°C in plastic enclosure. 
Infectivity of soil rinsed from lifted bulbs 
Soil rinsed with water from bulbs lifted out of heavier soil types than sand was collected 
in 1991 and tested on the retained infectivity in 1992: Ap.: 0%, Ap.: 5%, LM: 5%, and 
LM: 15%. 
Infectivity of debris of tunics and roots 
In 1993 debris of tunics and roots free from soil was collected from secondarily infected 
tulip cv. Ang.. This debris mixed in coarse sand in boxes gave 15% infection in cv. Ap.. 
The debris of primarily infected cv. DQ gave 70% infection in 1994. 
Infectivity of debris of soil, tunics and roots 
Debris of soil, tunics and roots from cv. Ang. mixed in coarse sand gave infection rates in 
cv. Ap. of 35% in 1991, 100% in 1992, 80% in 1994, and 15% in 1996. Similar results 
were obtained from the samples stored outside in the open. So the infectivity was well 
preserved over the years. 
Infectivity of soil after replanting infected bulbs 
In 1991 soil was collected in fields with replanted lots of previously severely infected lots 
(70 - 90%) of cvs. Ang., CM, and Monte Carlo from different locations. These gave the 
following infection rates, viz., location 1 (sand): Ap.: 0%, LM: 0%, and Ang.: 20%; 
location 2 (sand): Ap.: 80, 60, 55, 10, and 0%; location 3 (sand): Ap.: 75%, and LM: 
20%; and location 4 (loam): Ap.: 80 and 70%, LM: 15 and 25%. So the newly planted 
fields originally free from the Augusta disease complex appeared infestive. 
These rates were compared with tests of soil from fields replanted with severely infected 
lots of cvs. Ang., Apricot Beauty, CM, and LM in the regions where high infection rates 
prevailed in the late 1980s. These rates were: location 1 (sand): Ang.: 85%; location 2 
(loam): Ap.: 0% and LM: 35%, and location 3 (loam): Ap.: 20% and LM: 70%. The 
infectivity of these samples was comparable with that reflected in the data of the newly 
planted fields. The soil (loam) from the severely infested fields with cv. Ang. in 1988 and 
grown with grass till 1991 gave rates in cv. Ap.: 0, 0, and 0%, and LM: 5%. Similar 
samples from sand severely infested in 1990 with cv. Ang. and grown with hyacinths gave 
no infection from the soil collected in 1991. So the high level of infectivity originally 
detected was not found later on. 
Depth of inoculum in soil infective to roots 
Infestive sand or loam in boxes to infect roots of cv. DQ directly (layer 1 = 1-1; depth of 
root in contact with soil: 0 cm), or at a level below 1-1 either for 10 cm (half-layer 
2 = hl-2; 15 cm), or up to the bottom of 1-1 (full-layer 2 = fl-2; 10 cm) was used. The 
interspace between hl-2 and 1-1, was filled with non-infested sand. The results were: 1. 
Infested sand in 1-1: 25 and 75%; in fl-2: 25 and 45%; and hl-2: 25 and 15%; 2. Infested 
loam in 1-1: 55 and 75%, in fl-2: 10 and 15%, and hl-2: 0 and 25%; 3. Infested sand in 
fl-2 and non-infested loam in 1-1: fl-2: 45 and 10%, and hl-2: 90 and 60%; 4. Infested 
loam in 1-2 and non-infested loam in 1-1: hl-2: 20 and 25%, and fl-2: 5 and 25%; 5. 
Infested sand or loam at layer-3 (1-3; 30 cm) did not cause symptoms of infection. If 
infested sand in 1-2 (15 cm) and 1-3 was tested with coverage of sand free from boxes, 
disease rates of 20 and 15% were obtained, respectively. Infested loam at 1-3 did not 
cause symptoms. The data indicate that roots growing up to 30 cm in depth may be 
infected by the fungus-virus inoculum. 
Horizontal spread of infectivity in sand 
Debris of soil (loam), tunics and roots of cv. Ang. was mixed with non-infested sand in 
boxes. The dilution 1:1 rated in cv. Ang.: 80% and in cv. DQ: 75% infection. The dilution 
1:10 rated in cv. Ang.: 45% and in cv. DQ: 45%, both uniformly over the area of the 
boxes. The dilution 1:1 at 5 cm from one side of the box gave 15% in cv. Ang. and cv. 
DQ, over or nearest the infested soil debris. If the bottom was covered with plastic the 
rates were 35% in cv. Ang. and 20% in cv. DQ. A similar experiment with soilless debris 
of tunics and roots gave the following rates: 1:10 in cv. Ang.: 30 and cv. DQ: 10%; 5 cm-
debris: 0% in cv. Ang. and cv. DQ; and 5 cm-debris with plastic on the bottom: cv. Ang.: 
30% and cv. DQ: 40% nearest to the infested area. The data indicate that the infectivity 
remained fairly confined to the area with the infested material and it was enhanced by 
favourable moisture conditions. 
Discussion 
The soil infectivity of primarily TNV-infected tulips was detectable deep down the soil 
profile. The persistent infectivity in soil from forced tulips variably induced Augusta 
disease at low rate in some forced sets of tulips (Asjes, unpublished results). The incidence 
of Augusta disease not necessarily linked to the high level of soil infectivity was also 
observed in a trail field used from 1990 till 1995 (Asjes, unpublished results). The spread 
of the fungus/virus complex to other fields was indicated by soil rinsed from bulbs after 
the lifting from heavier soil types than sand, especially in rainy lifting seasons, or by 
debris of soil, tunics and roots obtained after the cleaning of bulbs, or by the transfer of 
Augusta-infested lots. The latter is often done to sandy soil to decrease the rates of 
symptom development most strongly, if the tulips were grown in loam or clay in the 
previous season (Asjes, 1993). The extent of infestation of new fields may differ 
considerably as the recurrence of Augusta disease greatly differed per cultivar (Asjes, 
1993). The build-up of infestive soil to crops such as tulips as affected by this incoming 
material, or in the field as such is not comprehensible because of a diversity of factors 
involved, e.g., increase and release of fungal zoospores of Olpidium brassicae (Nahata et 
al., 1988), infestive occurrence in heavy and light soil, soil moisture, effect of weeds and 
crops (Lange, 1976; Nahata et al., 1988), and the different reflection of varying weather 
conditions per season over the years (Asjes, 1993). The retention of the fungus/virus 
infectivity in the soil remainder of forced tulips, and in field soil (loam) stored under 
desiccating conditions for years is surprising as the virus is known to be non-persistently 
transmissible (Adams, 1991; Campbell, 1993), and it is not to be maintained in rest 
sporangia (Kassanis, 1970), while it may likely be on soil components which is apt for 
further investigation. 
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